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In  previous  investigations  on  this  general  subject,  1 as  reported 
from this laboratory, it has been found that in splenectomized dogs, 
(I)  anemia, of varying grade, constantly occurs,  (2)  that  the red 
cells become more resistant  to hemolytic agents,  and  (3)  that  the 
hemoglobinemia caused by hemolytic agents is more rarely followed 
by jaundice than is  the case in the normal dog.  The cause of the 
anemia and the increased resistance of the red cells has not as yei: 
been  determined;  it  has,  however,  been  shown  that  the  blood  of 
splenectomized animals returns to its normal condition after a lapse 
of five to ten monthsY 
This  curious combination of phenomena,--that  is,  anemia with 
slow but progressive repair,  increased resistance of the red corpus- 
cles,  and lessened tendency to the  formation of bile pigment  from 
free hemoglobin,--led,  in  the  hope  of  eliciting new  facts,  to  the 
present  study  of  the course  of  the blood  regeneration in  animals 
receiving hemolytic agents at various periods  after splenectomy. 
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METHODS. 
The animals were given a  simple,  but abundant diet,  practically 
uniform  in  character  and  containing  roughly  the  same  constant 
amount of  iron-yielding material.  The  iron  in  the  diet  was  not, 
however,  in  this  series  of  experiments,  estimated  quantitatively2 
After preliminary blood  examinations had been  made,  the  spleen 
was removed aseptically, by a practically bloodless operation, under 
ether anesthesia.  The blood exam  inafions were then continued, at 
first at shorter intervals and later after longer intervals.  At various 
stages  of  the  process  of  blood  regeneration,  hemolytic  immune 
serum or sodium oleate was administered, with,  at the same time, 
the administration of an equivalent amount of the hemolytic agent 
to a normal animal serving as control.  For the purpose of further 
control animals were rendered anemic by bleeding, in order that the 
regeneration of  the blood  in  the  normal dog might be  contrasted 
with  that occurring in  the splenectomized dog.  The  examination 
of  the blood  was  continued after  administering hemolytic agents, 
the intervals between examinations being gradually lengthened, and 
included the  estimation of  red  cells,  hemoglobin content,  and  the 
white cells with differential counts of the latter and the determina- 
tion of the resistance of the red cells to various percentages of hypo- 
tonic salt solution. 
RESULTS. 
On account of an apparent paradox certain general results of this 
work must be here anticipated in order that the detailed descriptions 
may be better understood. 
As has been shown in previous communications, not only do the 
red cells of splenectomized animals show an increased resistance to 
hypotonic salt solutions and to hemolytic immune serum, but the ad- 
ministration of the latter is  always followed by a  lesser degree of 
hemolytic jaundice  than  is  the  case  in  the  normal  animal.  The 
present study, however, brings out the  fact, which had been previ- 
ously  suspected,  that  despite  the  increased  resistance  of  the  red 
cells and the lesser degree or practical absence of jaundice, the ane- 
3 Experiments on the influence of the absence of the spleen on the metabolism 
of iron will be reported  later. E. B. Krumbhaar, J. H. Musser,  Jr., and R. ~1. Pearce.  667 
mia  caused  in  splenectomized  animals  by  hemolytic  agents  is,  as 
shown  by  direct  blood  examination,  of  greater  severity,  runs  a 
longer course,  and  has  a  longer  period  of  repair  than  is  the  case 
in the normal dog.  We have therefore the apparent  paradox that 
an animal with more resistant corpuscles suffers a  severer and more 
prolonged anemia  than  an  animal  with  corpuscles  of  the  normal 
resistance.  The  probable  interpretation  of  this  we  shall  discuss 
later. 
ANEMIA  DUE  TO  HEMOLYTIC  SERUM  IN  THE  SPLENECTOMIZED 
ANIMAL. 
The two experiments given in detail in tables  I  and II represent 
the  longest  periods  that  animals have  been observed after  the  ad- 
ministration of hemolytic serum.  In all  other experiments of this 
group,  although  the animals  were carried  for shorter periods, the 
general course of  the anemia  was  the  same.  The  two  tables  are 
deemed sufficient, therefore, to illustrate the onset and repair in this 
type of anemia. 
TABLE I. 
Splenectomized  Dog and Control.  l~ffect of Hemolytic  Serum. 
Hemolytic Immune Serum 6x. 
I)ogsz.  Weight 8,Izogm. (26 days after splenec-  Dog 53.  Weight 7,780 gin,  0.25 c.c. hemolytic 
tomy.)  0.2 c.c. hemolytic serum per kilo in vein.  serum per kilo injected. 
Hemoglobin,  Hemoglobin, 
per cent.  Red blood cells,  per cent.  Red blood cells. 
Before 
2~ hrs. 
I  dy. 
3 dys. 
6 dys. 
8 dys. 
Io dys. 
I4 dys. 
I7 dys. 
22 dys. 
28 dys. 
34 dys. 
44 dys. 
56 dys. 
7o dys. 
79 dys. 
xoo dys. 
136 dys. 
20o dys. 
9 ° 
72 
6o 
66 
54 
38 
55 
48 
53 
5z 
67 
64 
76 
85 
63 
79 
86 
82 
iio 
5,230,000 
3,800,000 
3,510,000 
3,920,000 
2,730,O00 
2,310,000 
3,IO0,OO0 
2,870,000 
3,220,000 
3,06o,ooo 
3,5xo,00o 
3,390,oo0 
4,88o,o0o 
4,210,ooo 
3,54o,ooo 
4,I20,000 
4,OI0,000 
4,200,OOO 
6,200,000 
Before 
3 hrs. 
x  dy. 
2 dys. 
4 dys. 
6 dys. 
8 dys. 
Io dys. 
x2 dys. 
x7 dys. 
24 dys. 
31 dys. 
66 dys. 
86 dys. 
IO7 dys. 
92 
78 
38 
3o 
38 
49 
4' 
42 
50 
64 
8o 
86 
8I 
92 
Io5 
6,200,000 
4,970,000 
2,o6o,ooo 
2,250,000 
3,100,000 
3,420,000 
3,4O0,0OO 
3,II0,O00 
3,980,000 
3,810,000 
4,23O,00O 
4,530,000 
5,I20,O00 
5,380,000 
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TABLE  II. 
Time.  Ten months splenectomy, dog 59.  Time.  Control, dog 54. 
July 24,  1912 
May  21,  1913 
Ist injection. 
24 hrs. later.. 
2d injection.. 
24 hrs. later.. 
2d day ...... 
3d day ...... 
4th day ..... 
5th day ..... 
7th day ..... 
Ilth  day .... 
I4th  day .... 
Splenectomy. 
Weight  lO,9OO gm. 
Blood:  red  cells  5,2oo,ooo; 
hemoglobin 86 per cent. 
Fragility: o. 3 +,  0.45 --. 
Urine: no bile pigment; trace of 
albumin;  no casts. 
o.2  c.c.  hemolytic  serum  per 
kilo, 
Blood : red cells 4,820,000; hem- 
oglobin 90  per  cent.;  serum 
free of hemoglobin. 
Fragility: 0.35 +,  o.6--. 
Urine:  trace of albumin;  trace 
of bile pigment. 
Same  dose  of  same  serum  re- 
peated. 
Blood : red cells 5,620,000; hem- 
oglobin 95 per cent. 
Urine:  no  hemoglobin; faint 
but definite trace of bile pig- 
ment;  trace of albumin. 
Blood: red cells 4,030,0o0; hem- 
oglobin 75 per cent. 
Urine:  bile  pigment  abundant 
but  less than  in dog 54. 
Blood: red cells 3,95o,ooo; hem- 
oglobin 56 per cent. 
Urine:  good  bile  reaction,  but 
less than  in dog 54. 
Blood: red cells 3,58o,ooo; hem- 
oglobin 52 per cent. 
Urine: trace of bile. 
Blood: red cells 3,550,000; hem- 
oglobin 57 per cent. 
Urine: bile reaction slight. 
Blood: red cells 3,66o,ooo; hem- 
oglobin 52 per cent. 
Urine: no albumin or bile. 
Weighg:  lO,O4O gm. 
Blood:  red  cells  4,25o,oooi 
hemoglobin  54  per  cent.; 
leucocytes lO,4OO. 
Urine: no albumin or bile. 
Blood:  red  cells  4,57o,oo0; 
hemoglobin  72  per  cent.; 
leucocytes 14,2oo. 
Urine: faint trace of bile. 
May  21,  1913 
ist  injection. 
24  hrs.  later 
2d  injection.. 
24 hrs. later.. 
2d day ..... 
]d day... 
4th  day. 
5th day .... 
7th day .... 
Ilth  day... 
I4th day... 
Weight  12,8oo gm. 
Blood:  red  ceils  5,400,000; 
hemoglobin  lO4 per cent. 
Fragility: 0.3 +,  o.5 --. 
Urine: not obtained. 
0.2 c.c. per kilo of same serum. 
Urine  shows  faint  trace  of 
bile after IO rain. 
Blood:  red  cells  5,o5o,ooo; 
hemoglobin  94  per  cent.; 
serum  free  of  hemoglobin. 
Fragility: 0.35 W, 0.6-. 
Urine:  trace  of  albumin; 
moderate  amount  of  bile 
pigment present. 
Same  dose of same serum re- 
peated. 
Blood:  red  cells  4,88o,ooo; 
hemoglobin  98  per  cent. 
Urine: slight hemoglobinuria; 
large  amounts  of  bile  pig- 
ment. 
Blood:  red  ceils  4,48o,000; 
i  hemoglobin  97  per  cent. 
Urine:  no  hemoglobin  but 
large  amount  of  bile  pig- 
ment. 
Blood:  red  cells  4,82o,ooo; 
hemoglobin  95  per  cent. 
Urine:  bile  very  abundant. 
Blood:  red  cells  4,46o,ooo; 
hemoglobin  66  per  cent. 
Urine:  bile  decreasing,  but 
well marked. 
Blood:  red  cells  4,72o,ooo; 
hemoglobin 74 per cent. 
Urine : abundant  bile. 
Blood:  red  cells  5,500,00o; 
hemoglobin 86 per cent. 
Urine:  moderate  bile;  no  al- 
bumin. 
Weight II,98o gm. 
Blood:  red  cells  5,Soo,ooo; 
hemoglobin  84  per  cent.; 
leucocytes 17,ooo. 
Urine: no bile. 
Blood:  red  cells  5,64o,ooo; 
hemoglobin  lO2  per  cent.; 
leucocytes 18,2oo. 
Urine: faint trace of bile. E. B. Krumbhaar, J. H. Musser,  Jr., and R. M. Pearee. 
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Time. 
17th day... 
~oth day... 
24th day... 
27th day... 
3Ist day ..... 
36th day... 
4oth day .... 
46th day.. 
Ten months splenectomy, dog 59. 
Blood:  red  cells  5,o5o,ooo; 
hemoglobin  86  per  cent.; 
leucocytes I6,ooo. 
Urine: no albumin or bile. 
Weight IO,415  gin. 
Blood:  red  cells  4,780,000; 
hemoglobin  79  per  cent.; 
leucocytes I4,4oo. 
Blood: red cells 5,44o,ooo; hem- 
oglobin 92 per cent. 
Urine: no albumin or bile. 
Blood: red ceils 5,020,000;  hem- 
oglobin 90 per cent. 
Blood:  red  ceils  3,480,000; 
hemoglobin  70  per  cent.; 
leucocytes I3,4oo. 
Fragility:  0.275+, o.55--. 
Blood: red cells 4,87o,ooo; hem- 
oglobin 98 per cent. 
Urine: no albumin or bile. 
Blood: red cells 5,97o,ooo; hem- 
oglobin xoz per cent. 
Weight Io,82o gin. 
Blood: red cells 5,I 4o,o00; hem- 
oglobin 98 per cent. 
Fragility: o.35 +, o.475 --. 
Time. 
17th day .... 
2oth day  .... 
24th day  ..... 
33d day ..... 
6th day... 
Control, dog 54. 
Blood:  red  cells  6,ioo,ooo; 
hemoglobin  xo6  per  cent. 
Urine: no albumin; very faint 
trace of bile. 
Weight I2,365 gin. 
Blood:  red  cells  6,o8o,ooo; 
hemoglobin  Io9 per  cent.; 
leucocytes 2o,700. 
Blood:  red  ce!ls  6,i2o,ooo; 
hemoglobin Iro  per  cent.; 
leucocytes I3,2oo. 
Blood:  red  ceils  6,2oo~o0o; 
hemoglobin rio  per  cent.; 
leucocytes I3,20o. 
Fragility:  0.325 +,  o.55--, 
Weight I2,45o gin, 
Blood:  red  ceils  6,060,000; 
hemoglob/n io6 per cent. 
Fragility: 0.35 +, 0.55 --. 
The period intervening after splenectomy is  indicated in  paren- 
thesis after the number of the animal.  The word "before" in the 
time columns refers to the blood count made a short time before the 
injection of the hemolytic agent  4 and not to the blood count before 
splenectomy.  Likewise hours  and  days  in  the  same  columns  are 
indicative of the length of time after such injection. 
The first experiment is of interest chiefly in connection with the 
question of the length of time necessary, in the splenectomized as 
compared with the normal dog,  for a  complete regeneration of the 
blood  to  occur  after  the  destruction  caused  by  hemolytic serum. 
It will be seen that in the normal dog the lowest figures were those 
of the  fourth day, that an approach to normal figures was evident 
after two and  three months,  but  that  the latter  were not  reached 
until after Io  7 days; on the other hand, the splenectomized animal 
4The  hemolytic  serum  was  prepared  by  injecting  a  rabbit  repeatedly  with 
5  c.c.  of  dog  blood  at  intervals  of  five  tO  seven  days.  One  week after  the  fifth 
injection  the  rabbit  was bled  and  the  serum collected. 670  Blood Destruction  and Regeneration. 
reached  its  lowest  figures  on  the  eighth  day,  and  still  had  a  low 
hemoglobin content and red cell count at the end of I36 days.  On 
account of the long intervals elapsing !n each case before the final 
count,  the exact dates  of return to  normal cannot be given, but  it 
is  clear that  one  and  a  half months  after  the  control  animal  had 
reached its normal hemoglobin level and one month after it had gone 
above  its  normal  red  cell  count,  the  blood  of  the  splenectomized 
animal  was  far  from  its. normal  state.  At  the  end  of  2oo  days, 
however, the blood picture gave higher figures than before injection. 
In this experiment the resistance of the corpuscles does not come 
into the question, for at the beginning of the experiment (table VI) 
it was the same in each animal. 
As these animals were of practically the same weight, and as the 
splenectomized dog  received less  serum than the normal one,  it  is 
~mpossible to escape the conclusion that the absence of the spleen is 
•  an  important  factor  in ~the chronicity of  the  anemia and  the slow 
~'epair. 
In the second experiment, the same difference in the severity of 
the anemia and  the rate of recovery is  seen, but  in  neither animal 
was the period of recovery as long as in the animals represented in 
table  I. 
Some  objection  might  be  raised  against  the  results  in  the  first 
experiment, as this  animal,  despite the high initial count, had been 
splenectomized only twenty-six days, and  the resulting slow  repair 
might  be  due  to  a  combination  of  a  slow  anemia  secondary  to 
absence of the spleen and of the anemia due to the hemolytic serum. 
This  possible  objection  is  removed  by  the  results  in  the  second 
experiment in  which the blood of an animal splenectomized nearly 
a year before had returned to normal before injection.  The theory 
that the absence of the spleen is  responsible  for the slow blood re- 
generation is  thus strengthened. 
SODIUM  OLEATE  ANEMIA  IN  THE  SPLENECTOMIZED  ANIMAL. 
On account of the advisability of determining the effect of hemo- 
lytic poisons  other than hemolytic immune serum, two experiments 
with sodium oleate were carried out  (table III). E. B. Krumbhaar, J. tt. Musser, Jr.,  and R. M. Pearce. 
TABLE III. 
Repair  of Sodium Oleate Anemia after Splenectomy,  with  Control. 
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Dog" 24.  Weight 9.650 gin.  (5 months after 
spleneetomy.)  Dog 55.  Weight 7,860 gm.  Normal 
ioo e.c. of ~ per cent. sodium oleate in vein.  xoo c.c. of x per cent. sodium oleate in vein. 
Hemo- 
globin,  Red blood 
per cent.  celia. 
Before  89  5,650,000 
I  dy)  68  3,770,000 
3  dys.  70  2,320,000 
7 dys.  74  3,IOO,OOO 
i r  dys.  70  4,200,000 
16 dys.  66  3,42o,ooo 
I9 dys.  66  3,760,000 
24 dys.  63  3,600,000 
30 dys.  54  3,700,000 
35 dys.  63  3,890,000 
39 dys.  66  4,18o,ooo 
44 dys.  76  4,220,000 
5I dys.  79  4,400,000 
57 dys.  86  4,820,000 
73 dys.  90  5,780,000 
200 dys.  IIO  6,o48,0o0 
Leucocytes. 
lO,6OO  [  Before 
15'6°°  I  3 dys. 
IO,400  [  7 dys. 
lO,8OO  [  16 dys. 
8,600  24 dys. 
9,800 
I0,200 
I0,OO0 
7;6oo 
I0,000 
9,300 
I2,8oo 
I3,6oo 
8,900 
12,6OO 
Hemo- 
globin, 
per cent. 
lO8 
93 
II2 
116 
II4 
Red blood 
ceils,  Leucocytes. 
6,460,000  8,600 
5,420,000  '7,I00 
6,12O,O0O  6,40o 
7,240,000  lO,8OO 
7,4Io,ooo  8,2oo 
Here also it is seen that the more severe anemia and the slower 
repair occurs in  the splenectomized rather than in the normal dog. 
In  the  first  experiment  the  splenectomized  dog's  hemoglobin 
fell eventually, on the thirtieth day, to 54 per cent., and the red cells 
to 3,700,000, and it took forty-three days for the return to normal, 
whereas in the control receiving an equivalent amount of oleate, the 
hemoglobin  fell  on  the  third  day  to  only  93  per  cent.,  and  the 
erythrocytes to only 5,420,000, and the return to normal, occurred 
in  four  days.  In  a  second experiment the  same  general  results 
were  obtained but in less  striking form.  In this  type  of anemia 
it  is  therefore  also  evident that  absence of the  spleen delays  the 
regeneration of the blood. 
REPAIR  OF BLOOD  IN  TI~E  SFLE~ECTOMIZED  DOG AFTER  HEmORRhAGE. 
A  third method of study was to produce anemia by hemorrhage 
and to observe the rapidity of repair in the splenectomized as con- 
trasted with the normal animal  (~:able IV). 
5 Hemoglobin in urine on  Ist and 3d  days. 
6 Hemoglobin in  urine on  3d  day. 672  Blood Destruction and Regeneration. 
TABLE IV. 
Repair  after Hemorrhagic  Anemia in  a  Splenectomized  Animal,  with  Control. 
Dog 42.  Weight 8,02o gm.  (85 days after  splenectomy.)  Dog 55-  Weight 7,860 gm.  Normal. 
,oo c.c. of blood taken from a vein.  *5o c.c. of blood taken from a vein. 
Before 
I dy.  I 
4 dys. 
8 dys. 
12 dys. 
18 dys. 
26 dys. 
34 dys. 
4o dys. 
46 dys. 
54 dys. 
6i  dys. 
67 dys. 
Hemo- 
globin, 
per cent. 
Q2 
78 
68 
76 
85 
84 
70 
74 
90 
93 
95 
9o 
1o2 
Red blood cells. 
5,I60,O00 
4,570,000 
4,3IO,000 
3,820,000 
4,380,000 
4,210,000 
4,850,000 
4,I00,O00 
4,480,000 
4,390,000 
4,760,000 
4,850,000 
5,IO0,000 
Leucocytes. 
22,400 
26,200 
I  24,100 
22,I00 
16,800 
I6,100 
I7,400 
I2,600 
I0,200 
16,400 
I3,100 
14,900 
I9,200 
Hemo- 
globin, 
per cent. 
95 
78 
78 
Io5 
~o8 
Red blood cells.  Leucocytes 
5,200,000  I0,200 
5,IOO,O0O  8,300 
4,9oo,oo0  Io,50o 
6,Iao,ooo  Io,4oo 
6,460,000  8,600 
Here it is seen that a  small loss of blood causes a  graver anemia 
in  the  splenectomized than  in  the  normal  dog  and  that  repair  is 
greatly delayed.  After a loss of IOO cubic centimeters of blood the 
hemoglobin of the splenectomized dog was  lowered on the  fourth 
day to 68 per cent., and the erythrocytes to 4,3IO,OOO, with a  return 
to normal sixty-three days later.  From the control dog of slightly 
less  weight,  15o cubic centimeters of blood  were taken, the hemo- 
globin dropping  to  78  per cent.  and  red cells to  4,9oo,ooo  on  the 
fourth day and promptly returning to normal within four days. 
THE  LEUCOCYTES. 
The behavior of the leucocytes in many of the experiments has 
not been constant.  This is probably due to the fact that in experi- 
ments  over  such  long  periods  it  is  not  always  possible  to  avoid 
mild intercurrent bacterial infections or infections by intestinal para- 
sites,  or  to  recognize them when they occur.  Our  somewhat  dis- 
cordant results with the leucocyte counts allow therefore no definite 
conclusion  in  regard  to  the  animals  receiving  sodium  oleate  and 
those in which anemia was produced by hemorrhage, largely because 
only a  few animals  were used in these two groups.  On the other E. B. Krumbhaar, J. H. Musser,  Jr., and R. M. Pearce.  673 
hand,  in  the group  receiving hemolytic serum,  on  account  of  the 
large number of examinations made, it may be said definitely that 
hemolytic serum causes a constant leucocytosis, due to an increase in 
the polymorphonuclear neutrophils, and that this usually reaches a 
higher  grade  in  the  splenectomized dog  than  in the  normal  dog. 
Both show a  moderate increase in lymphocytes, which persists  for 
long periods.  A  persisting increase  of  eosinophils occurs  in  the 
splenectomized dog. 
In  this  connection we  insert  one  table  (table  V)  showing the 
course of the leucocytosis and the results of differential counts on 
two of the animals  (51  and 53)  previously presented in table I. 
TABLE  V. 
Leucocyte  and Differential  Counts  after Hemolytic Serum. 
Dog 5L  (26 days after splenectomy.)  Dog 53.  Normal. 
moP  -o- 1  ~  m  E  l-  Poly-  qmall  •  morpho-  :r°~  ~  np~  o~ 
eCrcent  percent,  percent. 
L .....  ytes. ipel~cle~ .. __yte,,__ __  ne  Ir  ~  "  o  I  s, [  [Leucocytes.  nuclear 
ells  eells, 
........  percent. 
-I 
71 
I dy.  I 
Before  24,200 
i  dy.  i8,5oo 
2 dys.  56,ooo 
3 dys.  28,4oo 
6 dys.  52,ooo 
8 dys.  5I,ooo 
ii dys.  42,4oo 
I4 dys.  3I,Ioo 
I7 dys.  I7,2OO 
28 dys.  I3,000 
41  dys.  I8,ooo 
51  dys.  I6,8oo 
62 dys.  I8,ooo 
79 dys.  I7,2oo 
93 dys.  I6,4oo 
IOO dys.  i2,2oo 
I36 dys.  Io,ooo 
86  9 
73  8 
85  6 
73  x3 
63  25 
54  20 
60  20 
54  2o 
65  I7 
5I  24 
5o  23 
3 
I2 
5 
8 
5 
20 
i6 
I7 
I4 
20 
24 
20 dys. 
24 dys. 
28 dys. 
3I dys. 
44 dys. 
59 dys. 
66 dys. 
72 dys. 
86 dys. 
95 dys. 
Io7 dys. 
24,000 
24,000 
28,600 
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I6,IO0 
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I0,200 
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76 
68 
73 
60 
66 
6I 
78 
67 
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ly~ lpho- 
C ~tes, 
i 
pe 'cent. 
I2 
4 
II 
i8 
2i 
24 
32 
26 
28 
15 
22 
Eosin- 
ophils, 
percent. 
Normoblasts  and  polychromatophilia con-. Normoblasts present for I7 days, none there- 
stantly  present  until  28th day.  One  after.  Polychromatophilia  less  marked 
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RESISTANCE  OF  THE  RED  CELLS TO  HYPOTONIC  SALT  SOLUTION  AFTER 
THE  ADMINISTRATION  OF  A  HEMOLYTIC  AGENT. 
In  an  earlier  communication  7  it  was  shown  that  the  increased 
resistance of the red blood cells of a  splenectomized animal to the 
action of hypotonic salt solution and to hemolytic serum is "not due 
to an increased antihemolytic power  of the animal's serum or  to  a 
diminished complementary value of the serum, but is a property de- 
pendent  upon the  erythrocytes themselves."  In  the  course  of  the 
present investigation it was noted that shortly after the administra- 
tion of hemolytic serum the cells of the splenectomized animals, in- 
stead of being more resistant to hypotonic solution, became less  re- 
sistant and that this decreased resistance persisted  in the splenecto- 
mized animal for a longer period than in the normal animal.  This 
is  shown  in  the  following abridged  table. 
TABLE VI.  s 
Resistance  of Red Blood  Corpuscles after Injection of Hemolytic Serum. 
I  Per cent. salt solution. 
Dog" 5i.  (26 days after splenectomy.)  I  ,  ~'~  ~  ~---  -  ' 
io.  !o.3  io.  lo.   10.6 
Before serum  was--- dministered.......... .2 ........ TITJT T  Z- T  T 
3hrs.  afterserumwasadministered  ..................  +t+]P  P]P  [O  O[O 
6  dys.  after  serum  was administered .................  +  q-  P  P  P  P  P  P 
8  to 34 dys.  after serum was administered .............  q-  I q- I P  P  [ P  1 P  P  ] P 
4I to 76dys.  after serum was administered ............  -b[  -k]P  P  [ P  ] O  O  ] O 
Ioodys.  after serum was administered .................  -k]  -b[  P  P  [ O  ]O  O  ] O 
....  i-- 
Dog 53"  Normal.  I  [  I 
Before serum was administered ......................  q-  +  P  P  O  O  O--T 
I8 hrs. after serum was administered.  '  -b  +  P  P  P  P  P  i O 
8to  i2 dys. after serum was administered .............  +  +  P  P  P  P  P  I P 
3o to 95 dys. after serum was administered ............  4-  -{-  P  P  P  O  O  } O 
Here it is  seen  that  the erythrocytes of  the  splenectomized and 
the normal dog had the same  resistance to salt solution before the 
injection,  and  likewise  the  same  decrease  in  resistance  eight  days 
after  the  injection of  hemolytic serum.  The  cells  of  the  normal 
animal, however, returned to almost normal resistance after twenty 
Karsner, H.  T., and Pearce, R.  M., IV. A Study, by the Methods of Im- 
munology, of  the  Increased  Resistance of  the  Red  Blood Corpuscles after 
Splenectomy, ]our.  Exper. Med.,  I912, xvi, 769. 
8  _~_ indicates complete hemolysis; P, partial hemolysis; and O, no hemolysis. E. B. Krumbhaar, J. H. Musser,  Jr., and R. M. Pearce.  675 
days,  while  those  of the  splenectomized animal  did  not  return  to 
the same degree until the forty-first day.  On the other hand, it will 
be  seen  that  the  splenectomized  animal  returned  to  the  original 
point after one hundred days while the normal animal  failed to  do 
so after ninety-five days. 
In the anemia produced by sodium oleate and by hemorrhage the 
decreased resistance, although it occurs, is not so striking in either 
the  normal  or  the  splenectomized  animal  as  it  is  in  the  animals 
receiving  hemolytic  serum;  the  splenectomized  animal,  however, 
always shows a greater decrease in resistance than does the normal. 
The observation is of interest in connection with the theories of 
Port  9 who considers that certain hemolytic poisons as sapotoxin act 
directly  on  the  bone  marrow  so  injuring  it  that  corpuscles  of 
lessened  resistance,  and  therefore capable  of  hemolysis  in  higher 
strengths  of  salt  solution,  rapidly  enter  the  blood  stream  while 
poisons of another type, as benzidin, attack directly the erythrocytes 
in the circulating blood and thus stimulate indirectly the bone mar- 
row  to  the production  of  more resistant  cells.  Hemolytic serum, 
as  has  been  shown  in  the  course  of  this  general  investigation,  1° 
causes eventually an increased resistance of the cells of the normal 
dog  and  probably  belongs  to  Port's  second  group.  Nevertheless 
there is no doubt that  for a  considerable period after injection the 
cells  are  less  resistant  than  normally.  The  exact  relation  of  the 
various types of hemolytic poisons to degree of blood degeneration 
and  regeneration  after  splenectomy  is  a  question  we  now  have 
under investigation.  Here it may suffice to say that the absence of 
the spleen appears to be an important  factor in causing the persist- 
ence of the lessened resistance of the red cells after the use of hemo- 
lytic  serum,  and  therefore  is  a  factor  in  the  production  of  the 
more severe and  more prolonged  anemia which this  serum causes 
in  splenectomized, as contrasted with normal animals. 
SUMMARY. 
In the splenectomized dog the anemia caused by hemolytic poisons 
(hemolytic immune serum and  sodium oleate)  and  by bleeding  is 
Port, F., Die Resistenz der Erythrozyten, Arch. f . exper. Path. u. Pharmakol., 
1912, Ixix, 307. 
io Karsner, H. T., and Pearce, R. M., foe.  cit. 676  Blood Destruction and Regeneration. 
of a  severer grade,  runs a  longer course, and is  accompanied by a 
less  rapid  regeneration of the blood than is the case in the normal 
dog.  Also  in  the  spleneotomized dog,  especially after  the  use  of 
hemolytic  serum,  the  leucocytosis  is  greater  than  in  the  normal 
animal. 
The splenectomized dog almost uniformly exhibits  an  increased 
resistance of the red cells to hypotonic salt  solution,  but  after the 
administration of hemolytic poisons, and especially hemolytic serum, 
this increased resistance disappears  and a  decreased resistance per- 
sists  for  long  periods  .of  time.  The  same  change  occurs  in  the 
normal dog, but  in  the latter the  return to  the previous  degree of 
resistance is more rapid than in {he splenectomized animal. 
DISCUSSION. 
At  first  glance  these  results  appear  to  contradict  some  of  our 
earlier work,  in which it  was shown that the red cells of the sple- 
nectomized animal are more resistant to hemolytic agents than is the 
normal dog,  and that  in  such, hemolytic jaundice is not so  readily 
produced.  On  the  basis  of  these  observations,  concerning  the 
accuracy of which repeated experiments have furnished a large mass 
of  corroborative  evidence,  one  would  hardly  expect  a  hemolytic 
poison to cause in the splenectomized animal a  more severe anemia 
than occurs under similar circumstances in the normal animal.  The 
present  investigation,  however,  shows  this  to  be-the  case,  and, 
moreover, that hemolytic poisons change the more resistant cells of 
the splenectomized to less resistant cells,  this diminished resistance 
persisting longer than in the normal dog. 
It is evident therefore that the immediate destruction of the red 
cells  by  a  hemolytic  agent,  as  shown  by  hemoglobinuria  and  the 
result of the blood examination, is not the only factor in the produc- 
tion  of  the  anemia,  but  that  in  the  splenectomized  animal  some 
added  factor plays an important part.  The hemolytic agent inau- 
gurates an acute anemia, but the absence of the spleen is an important 
secondary  factor  in  increasing  the  severity of  the  anemia and  in 
either prolonging its course or delaying the process of repair. 
It would appear therefore that of the phenomena associated with E. B. Krumbhaar, J. H. Musser, Jr.,  and R. M. Pearce.  677 
the absence of the spleen,  two, the increased resistance .of the red 
cells and the decreased tendency to jaundice after the administration 
of hemolytic poisons,  are co-related and intimately associated with 
the anemia of splenectomy, but tliat the anemia itself is dependent 
upon some factor as yet unknown, which operates in the absence of 
the spleen.  T.his  unknown factor would also operate in the anemia 
produced in such animals by hemolytic serum, and more especially 
so,  as the hemolytic anemia is characterized by a  decreased resist- 
ance of the red cells.  As the  factor dependent on the absence of 
the spleen does not operate in the normal animal, the latter recovers 
quickly.  It seems possible therefore thus to explain the more severe 
and more prolonged anemia in such animals, even though they may 
have more resistant corpuscles. 